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Th e paper pre sents the results of stu dies of the dielectri c rela xation of

nematic 4 0 -but yloxy- 3-Ûuoro- 4- isothi ocyanatotol ane, p erformed for di ˜erent
values of the angle bet w een the probing electric Ùeld E and the macro-
scopic orientation of the sample (the director n ) forced by the magnetic
Ùeld B . Due to a relatively large transverse comp onent of the dip ole mo-

ment of 40 -butyloxy- 3-Ûuoro- 4- isothio cyanatotol ane, the studies allow ed one
to interpret consistently the dielectric relaxation spectra connected w ith the
molecular rotation around the long axis.

PAC S numb ers: 64.70.Md, 77.84.N h, 77.22.Gm

1. I n t rod uct io n

The dielectri c relaxati on is sti l l a very useful m etho d for studi es of the m olec-
ul ar dyna m ics in isotro pic l iqui d and l iquid crysta l l ine materi als [ 1 À 6]. Assum ing
polar m olecules to be a rigid body , intera cti ng solely wi th an externa l electri c
Ùeld, the dyna mics m ani fests itsel f as an electrom agneti c energy absorpti on due
to the changes of the molecules di pole m oment pro jection on the Ùeld di recti on.
In isotro pi c polar l iqui ds, as the molecules rota te around thei r axes of sym me-
try corresp ondi ng to m inimum and m axi mum of thei r mom entum of inerti a (the
m olecular long and short axes), two absorpti on bands can be observed in the di -
electri c relaxati on spectrum .
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A new axi s of sym m etry (the di recto r n) appears when an externa l ori enti ng
Ùeld is appl ied to the nem ati c sam ple. Then, the long axi s of m esogenic m olecules
form s wi th the di recto r n an angle È , the m ean value of whi ch is a m easure of
the order parameter S = h 3 cos2 È À 1 i =2 . In such a case the m esogenic m olecules
rota te on the cone around the di rector n, and, as we discussed previ ously [7], a
new absorpti on band appears at about 100 M Hz in the spectrum recorded for
E ? n [ " Ê

?
( ! ) ] .

The m odel of possibl e molecular ro tati ons in ori ented nem ati c l iqui d crysta ls
pro posed in [7] was based on the exp erimenta l results obta ined f or the m esogenic
m olecules in whi ch the resul ta nt di pole m oment was roughl y di rected along the
m olecular long axi s, i .e. the tra nsversal component of the dipole m oment was
stro ngly reduced. Hence, the streng th of the absorpti on band corresp ondi ng to the
m olecular ro ta ti on around the long axi s wa s to o low f or i ts quanti ta ti ve analysis.
The data presented in thi s paper com plete thi s m atter : the experim ent was per-
form ed for mesogenic m olecules wi th an im porta nt tra nsversal com ponent of the
di po le m oment.

2 . E x per i m en t a l

The nemati c l iqui d crysta l 40 -butyl oxy-3-Ûuoro-4-isothi ocyanatoto lane(BFTT)

wi th the f ollowing sequence of phase tra nsiti ons: (Cr) 6 2 : 6 £ C (N) 7 1 : 8 £ C (I), was
synthesi zed and puri Ùed at the Insti tute of Chemistry , Mi l i ta ry T echni cal Uni -
versi ty , Warsaw. The nem ati c sam ple wa s placed in a plane cooper capaci to r and
ori ented wi th the m agneti c Ùeld B (1.2 T). The sampl ethi cknesswa s 0.5 m m. The
di electri c relaxati on spectra were recorded for di ˜erent values of the angle ˜ be-
tween the pro bing electri c Ùeld E (whi ch is perpendicul ar to the electro des surf ace)
and the di rector n (i .e. the ori enti ng m agneti c Ùeld di recti on). The m easurem ents
were perform ed in the frequency range of 1 MHz to 2 GHz using an HP 4291B
Im pedance Ana lyzer, at 6 5 £ C.

3. R esul t s an d d iscu ssio n

Fi gure 1 presents a quasi-conti nuous evoluti on of the di electri c relaxa ti on
spectrum of nem ati c BFTT from " Ê

k
( ! ) to " Ê

?
( ! ), recorded at every 1 0 angle step.

As we observed previ ously for 6CHBT [7], the two spectra tra nsform into each
other softl y. It is clearly seen in 2D picture tha t the di electri c anisotro py ( Â " =

" À " ) of BFTT changes i ts sign two ti mes: at about 10 MHz and 500 MHz. For
low frequenci es of the m easuri ng electri c Ùeld the dielectri c anisotro py is positi ve,



Dyna mi cs of Nematogenic Mol ecules . . . 367

Fig. 1. The change of the dielectric relaxation spectra (2D and 3D) of nematic BFT T

from "
Ê

k
( ! ) ( E k n ) to "

Ê

?
( ! E n for the angle E n step of £ . The arrow spoint

out the frequencies at w hich the dielectri c characteristics show no angle dependence.

next between 10 MHz and 500 MHz is negati ve and f or the hi gher frequenci es |
once m ore positi ve.

As exp ected for the compound studi ed, due to the latera l substi tuted Ûuori ne
ato m givi ng a tra nsversal dipole m oment of about 1D , the strength of the dielec-
tri c absorpti on band situa ted at about 1 GHz | correspondi ng to the molecular
ro ta ti on around the long axi s | is qui te importa nt and can be submi tted to a
quanti ta ti ve analysis. In Fi g. 2a the Co le{ Cole pl ot tra nsform ati on from E n to
E n is depicted for di ˜erent values of the angle . In the pl ot corresp ondi ng to
E n (Fi g. 2b) one observes a good separated semi-circl e corresp ondi ng to BFTT
m olecules rotati on around the long axi s. Fi gures 2b and c present the resoluti on
of the experim ental vs. dependences into elementa ry contri buti ons, accord-
ing to the model of possible m olecular ro ta ti ons in ori ented nem ati c l iquid crysta l
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Fig. 2. C ole{C ole plots evolution from E k n to E ? n (a) and the resolution of the

extreme plots into elementary contributions (b and c).

presented in [7] and sketched in Fi g. 3. The m esogenic m olecules rota te around
the three axes of sym metry: two of them concern the m olecule itsel f | the short
and long m olecular axes (the band 1 and 3, respectivel y) and the thi rd axi s is the
di rector n (the band 2).

The resoluti on of the experi menta l di electri c relaxati on spectra into elemen-
ta ry contri buti ons was perform ed wi th the use of an empiri cal Cole{Cole f or-
m ula [8]:

" Ê

a ( ! ) = " 0

a ( ! ) À i " 00

a ( ! ) = " 1 +

3

i = 1

A i

1 + ( i! §i ) 1 k
; a = k or ? ; (1)
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where the k i parameter refers to the distri buti on of the relaxa ti on ti m es. For the
l im iti ng value k i = 0 , the i -th reorienta ti onal pro cess is described by a sing le
relaxa ti on ti me (the D ebye-typ e pro cess). A i and §i denote the di electri c strength
and the relaxa ti on ti m e, respectively. A i ; §i , and k i are the adjusta ble param eters
in the pro cedure of the Ùtti ng of Eq. (1) to the experim enta l data . The " 1 i s the
hi gh frequency value of the perm i tti vi t y. From the Ùtti ng pro cedure results tha t,
sim i larly to previ ously studi ed 6CHBT, the three absorpti on bands are very close
to Debye-t yp e (k i ¤ 1 0 À 2 ; i = 1 ; 2 ; 3 ) .

Fig. 3. Possible molecular rotations around the symmetry axes in oriented nematic

liqui d crystal, which cause a change of the dip ole moment pro j ection on the probing

electric Ùeld E direction.

As results from the analysis of Fi g. 3, the di electri c relaxati on spectra, both
" Ê

k
( ! ) and " Ê

?
( ! ) , recorded for perfectl y ori ented nemati c l iqui d crysta l , shoul d be

composed of two elementary contri buti ons. Nam ely, in the spectrum " Ê

k
( ! ) ( E k n )

the energy absorpti on due to the rota ti ons (a) and (c), and in the spectrum
" Ê

?
( ! ) ; (E ? n ) | ro ta ti ons (b) and (c), can be observed. For the per fect or i -

ent ation two condi ti ons have to be fulÙlled: (i ) the axi s correspondi ng to the m in-
im um of the m omentum of inerti a (the long m olecular axi s) should be col l inear
to the axi s of the maximum of magneti c susceptibi l i ty (when the m agneti c Ùeld
is used for molecular al ignm ent), and (i i ) there is no inÛuence of the cell surf aces
on the m olecular orienta ti on. Because, in general , the above condi ti ons are not
ful Ùlled, especial ly the second one, the m ost often the dielectri c relaxati on spectra
are com posed of three components, al tho ugh, as seen in Fi g. 2b, the band 2 in the
" ( ! ) spectrum appears as a tra ce onl y. An app earance of the band 1 in the " ( ! )

spectrum is certa inl y connected wi th the inÛuence of the capacito r surf aceson the
ori enta ti on of the mesogenic m olecules, whi ch, as a consequence, are not exactl y
para l lel to the surfaces wi th thei r long axes.

Fi gures 4 and 5 present, respect ively, the dependences of the streng ths A 1 ; A 2 ,
and A 3 and the relaxati on ti m es § 1 ; §2 , and §3 , corresp ondi ng to the elementa ry
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Fig. 4. T he angle dep endence of the strengths of the three elementary contributions

to the dielectric relaxation spectra of nematic BFT T at 6 5 £ C . T he solid lines represent

the functions cos2
˜ and sin 2

˜ , resp ectively .

Fig. 5. T he angle dependence of the relaxation times corresp ondi ng to the three ele-

mentary contributions to the dielectric relaxation spectra of nematic BFT T .

spectra l contri buti ons, on the value of the angle ˜ ( E ; n ) . Of course, the most
im porta nt resul t concerns the angular behavi or of A 3 . The dielectri c streng th cor-
respondi ng to the m olecular ro ta ti on around the long axi s changes as sin2 ˜ , whi ch
is in ful l agreement wi th our model (Fi g. 3c). The angular dependences of A 1 and
A 2 coinci de wi th tho se previ ously observed for 6CHBT. Sim ilarl y to 6CHBT, the
relaxa ti on ti m es§1 ; §2 , and §3 depend rather weakl y on the angle ˜ . The relaxa ti on
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ti m e §1 , correspondi ng to the m olecular ro ta ti on around the short axi s (stri ctl y,
i t is the rota ti on around the axi s perpendicul ar to the di recto r n ) points out for
a tendency f or accelerati on of thi s rota ti on for ˜ appro aching 9 0 £ . The e˜ect is
pro babl y due to the essential reducti on of the intera cti on between the molecular
di po le m oment and the probi ng electri c Ùeld in the conÙgurati on close to E ? n.
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